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Abstract

This study examines the impact of macroeconomic news announcement on price discovery of Cana-
dian cross-listed stocks. We compare the price discovery of 38 Canadian companies listed on the
Toronto Stock Exchange (TSX) and the New York Stock Exchange (NYSE) during announcement
and non-announcement days for the period 2004 - 2011. First, we observe that price discovery
shifts significantly during macroeconomic news announcements. Second, the U.S. market becomes
more important in terms of price discovery, regardless of the origin of the news. Third, we also ex-
amine the relation between price discovery and market microstructure variables. After controlling
for liquidity shocks, we find the impact of news announcements still persists. Intraday analyses
of price discovery on periods surrounding news releases further support these findings, particu-
larly during Federal Funds Rate announcements. These results suggest that there is a difference
in information-processing capability of the two markets, with the U.S. market being better at
processing information than the Canadian market during macroeconomic news announcements.
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1 Introduction

The study of price discovery concerns the process of how different information sources contribute
to the evolution of the underlying value of an asset. It addresses questions such as how informa-
tion flows into the market, how the market responds to the flow of information, and how quickly
information is incorporated into prices. For assets that are traded in multiple markets, the market
which incorporates information quickest is the dominant market for price discovery. Baillie et al.
(2002) explain that since only the trading venue differs, intermarket arbitrage keeps the prices in the
different markets from drifting apart, causing prices to be cointegrated. Therefore stocks listed in
multiple markets share a common efficient price. This price is driven by information, and becomes
the source of permanent movement in the prices of all markets. This indicates that the temporal
stability of price discovery relationship between markets is linked to the arrival of information.

Thus, information is a key factor in determining price discovery.

One important source of information is the release of macroeconomic news. These announcements
provide indications for near-term policy changes and provide investors with fundamental infor-
mation to adjust their expectations regarding future economic conditions and price security more
accurately. Since macroeconomic news announcements are pre-scheduled, the timing of such re-
leases is predictable. Investors can anticipate that security prices might change quickly during news
release, and therefore, based on the ability to observe prices and trade rapidly, they might choose

to trade in a particular market.

The impact of news announcements on security prices has been studied extensively (see Andersen
et al., 2007; Love and Payne, 2008; and Nowak et al., 2011). Similarly, studies on price discovery of
cross-listed securities are ample (see Hupperets and Menkveld, 2002; Pascual et al., 2006; Chen and
Choi, 2012). Studies on the impact of news announcement on price discovery, however, is relatively

new, especially when considering a multi-market setting.

Current studies linking macroeconomic news announcements and price discovery are limited to
assets within a single market.! In a world of perfectly shared information, macroeconomic news

can be instantaneously accessed in any market around the world. Such news is especially important

'see Mizrach and Neely (2008), Phylaktis and Chen (2010), Taylor (2011).



for assets traded in multiple markets because it drives prices in one market which then leads to
movement in prices in another market. This implies that the impact of news on price discovery also
applies across markets. While such theoretical relationship can be expected, there is currently no
empirical evidence which shows that macroeconomic news announcements affect price discovery of
assets traded in multiple markets. In addition it is still not understood whether news originating
from one market has the same impact on price discovery as news originating from another market.
These unanswered questions leave the findings in the microstructure of cross-listed stocks literature

incomplete.

In this paper, we hypothesize that information during scheduled news announcements in one market
leads to a shift in price discovery from one market to another. We test this hypothesis by exam-
ining the Hasbrouck (1995) Information Share (IS) and Gonzalo and Granger (1995) Permanent-
Transitory (PT) decomposition measures during days with scheduled macronews relative to the
IS and PT during days with no announcements. In doing so, we consider Canadian as well as
U.S. macroeconomic news. Particularly, we examine the extent to which macronews announce-
ments from either market contribute to the price discovery of Canadian stocks listed in these two

markets.

Our analysis leads to several interesting findings. First, we observe that price discovery shifts
significantly during macroeconomic news announcements. Second, the U.S. market becomes more
dominant in terms of price discovery, regardless of the origin of the news. Third, we also examine
the relation between price discovery and market microstructure variables. After controlling for
liquidity shocks, we find the impact of news announcements still persists. Intraday analyses of
price discovery on periods surrounding news releases further support these findings, particularly
during Federal Funds Rate announcements. These results suggest that the U.S. market is better

at processing information from macroeconomic news announcements.

Our work has a number of novel features compared with previous research in this area. First,
our study is the first to analyze the impact of macronews on price discovery of cross-listed stocks.
Second, we assess both Canadian and U.S. macroeconomic news, compared to previous studies

which has only looked at U.S. announcements. Third, we conduct our study at high frequency (to



the seconds), in contrast to previous work which use less frequent data (one-minute or five-minute).
This allows us to conduct more powerful and accurate tests of market efficiency and price discovery
process. Furthermore, the competition among electronic trading systems in the U.S. and Canada
determines the access to the best displayed prices and quotations through a variety of private
connectivity providers. This affects the availability of some firms’ quotes. To limit this negative
impact, we use a group of stocks as our sample because a portfolio of stocks is subject to continuous
update of its constituents. Complimenting this, a sample of more than 7 years is used to derive

robust results, compared to the short horizons of earlier studies.

The nature of cross-listings of Canadian stocks in the U.S. offers our study several advantages.
First, Canada and the U.S. are highly integrated markets. This enables easy access for firms
to list and also for investors to trade actively in both markets. Second, they have synchronised
their trading hours, so they overlap completely. Regular trading hours for both markets are from
9:30AM to 4:00PM (EST). This is important for conducting intraday analysis since we need prices
observed at the same time in the two markets. Third, Canadian securities are listed in the U.S.
as ordinary shares, unlike securities from other countries which are usually listed as American
Depositary Receipts (ADRs). Canadian stocks trading in the U.S. and Canada are therefore fully
fungible, and are likely to move more closely to each other than the prices of ADRs from other

countries and their home-market securities.

We structure the remainder of this paper as follows. Section 2 discusses some of the relevant liter-
ature on price discovery of cross-listed stocks and its linkage with macroeconomic news announce-
ments. Section 3 describes the framework in deriving the Vector Error Correction Model, as well
as the Hasbrouck (1995) information share and Gonzalo and Granger (1995) permanent-transitory
decomposition measures. Section 4 looks at the selection of equity data, and the macroeconomic

news announcements. Section 5 reports the empirical findings. Finally, section 6 concludes.

2 Literature Review

The main objective of this study is to answer a fundamental question of how information from

macroeconomic news releases contribute to the price discovery of stocks listed on multiple ex-



changes. As such, we connect two strands of literature, namely the price discovery of cross-listed
stocks and the impacts of macroeconomic news announcement on security prices. While each of
these topics have been widely studied in the literature, the connection between them has received

little attention.

There is an extant literature on price discovery of cross-listed stocks. Studies suggest that the
home market tends to lead price discovery for cross-listed stocks, and this can be attributed to
several market characteristics. For instance, Lieberman, Ben-Zion, and Hauser (1999) investigate
dominant-satellite relationships of stocks listed on two international markets, Tel-Aviv and New
York. They find that arbitrage opportunities are generally not available and that usually, the do-
mestic market emerges as the dominant one and the foreign market as the satellite one, particularly
for international companies with large volume and stock-holding. Eun and Sabherwal (2003) ex-
amine price discovery for Canadian TSX-listed stocks that are also listed on the NYSE, AMEX, or
Nasdaq in the U.S. For the majority of stocks, the U.S. prices adjust more to T'SX prices than vice
versa, suggesting that the TSX leads in terms of price discovery. The U.S. share in price discovery
is directly related to the U.S. share of trading, and inversely related to the ratio of bid-ask spreads.
Pascual et al. (2006) study the price discovery process of the Spanish stocks listed on the Spanish
Stock Exchange (SSE) and cross-listed on the NYSE. They find that the fact the SSE leads in
terms of price discovery is attributable to its own trading activity. Frijns et al. (2010) observe the
price discovery of Australian and New Zealand bilaterally cross-listed stocks, and find that in both
cases the home market is dominant in terms of price discovery. However, they also observe that
as firms grow larger and their cost of trading in Australia declines, the Australian market becomes

more informative.

It has been documented, albeit rudimentarily, that the arrival of information also contributes to
the price discovery process between markets. Using volatility as a proxy for information on Bund
futures contract, Martens (1998) shows that during volatile periods, the share in volume in the
London International Financial Futures Exchange decreases but the share in price discovery process
increases, whereas in quiet periods, the Deutsche Terminbourse share of price discovery increases.
Amin and Lee (2010) document that the option markets’ share of price discovery increases relative

to the equity markets’ share prior to quarterly earnings announcements due to the fact that option



traders initiate a greater proportion of long and short positions immidiately before the dissemination

of earnings news.

In this study, we assess macroeconomic news announcements as an important source of informa-
tion. Macronews conveys price-relevant information and their release is largely known, which allows
us to examine the effect of temporary information advantages that informed and liquidity traders
may have. Security prices are affected by adjustments in expectations to the changing economic
conditions driven by macroeconomic news announcements, such as GDP output, employment and
inflation surprises, among others. Studies have shown that macroeconomic news announcements
are linked to changes in security prices. Andersen et al. (2003) list 25 important macroeconomic
variables and demonstrate (empirically) the asset pricing impact (instantaneous response) of macro-
economic announcements on exchange rates. They find that high-frequency exchange rate dynamics
are linked to economic fundamentals. Bernanke and Kuttner (2005) and Boyd et al. (2005) con-
duct analysis on the stock market, while Balduzzi et al. (2001) and Fleming and Remolona (1999)
analyse the bond market. Macroeconomic information releases also affect order flow, resulting in
an excess of traders aggressively buying over traders aggressively selling after releases of good news

(see Evans and Lyons, 2005; Brandt and Kavajecz, 2004; Love and Payne, 2008).

Since price discovery concerns the process of how information gets incorporated into prices, changes
in prices during macronews announcements would affect the level of price discovery. Indeed, several
papers have investigated this link between price discovery and macroeconomic news announcements.
For instance, Mizrach and Neely (2008) test for information shares in the U.S. Treasury futures
market using data at one minute frequency during macroeconomic announcements in the period
from 1997 to 2000. They find weak evidence on the impact of announcements due to the fact that
only in one out of four cases when news is released the futures market gains information share. They
conclude that macroeconomic announcements rarely explain information shares independently of
liquidity. Stronger evidence is provided by Taylor (2011) who observes increase in information
asymmetry and price discovery around the release of key macroeconomic information. He assesses
the level of price discovery for S&P 500 index constituents over the period January to December
2002 at one minute frequency, and finds that the E-mini futures market becomes more dominant

during conditions of high liquidity and extreme information asymmetry, i.e. during macroeconomic



news releases. Phylaktis and Chen (2010) investigate price discovery of the foreign exchange market
during macroeconomic news announcements using PT and IS measures. Using midquotes at 5 min
frequency, they estimate price discovery over time for major trading banks in the UK and U.S.
markets over the period January 1994 to December 1998. They find that top 10 trading banks’
information advantage becomes prevalent, and their information share expanded during general

scheduled macroeconomic news.

Does information affect price discovery between markets? It is no longer uncommon that assets
such as stocks are listed in multiple markets. In such case, prices of these stocks are cointegrated
and share a common efficient price. As a consequence, when information from macroeconomic news
releases affect the price in one market, the price of the same stock in another market would also
be affected. The price discovery process between these markets would then be determined by how
well these two markets process the information. Therefore, one can expect that a relation between
macroeconomic news announcements and price discovery transpires across markets. The lack of

empirical evidence to prove this remains a gap in the current literature.

Studying cross-listed stocks provides us with the perfect avenue to study the price discovery process
across markets. Current studies in this area are limited to several asset classes. The foreign exchange
rates, the index funds, and the Treasury futures are the natural choice to study price discovery
process because they are highly liquid, and receive a steady flow of public information, especially
from scheduled macroeconomic announcements. Therefore it is expected that activities in these
assets may exert greater impact on the price formation process. However, similar arguments can also
be applied to stocks. As explained in McQueen and Roley (1993), there is a strong relationship
between stock prices and macroeconomic news because businesses are concerned about inflation
news, industrial production, and the unemployment rate which are conveyed in macroeconomic

variables.

3 Methodology

In this section, we illustrate how stock price dynamics of the same asset in two different markets

can be modeled using an error-correction model. Subsequently, we compute Gonzalo and Granger



(1995) permanent-transitory decomposition and Hasbrouck (1995) information share to measure

price discovery.

3.1 Error-Correction Model

Market microstructure theory assumes that every asset has an efficient price. This efficient price,
although unobserved, represents the underlying value of an asset conditional on all available public
information. Following Madhavan (2000), we assume that all investors share the same public infor-
mation, and prices are efficient in the sense that the current price reflects future price expectations
conditional on the available information set. Consequently, the efficient (log) price, p;, follows a

random walk,

Dt = Pr—1 + €, (1)

where e; is the innovation in public beliefs. The existence of market frictions (e.g. order processing
costs, inventory holding costs, asymmetric information costs) leads to deviations from the efficient
price, resulting in two different prices that market makers trade at. The observed transaction price,
Y, is equal to the efficient price and the friction component, ¢;, which is positive (negative) for a

buy (sell) transaction and zero for a transaction at the midpoint,

ys = pr + G- (2)

Consider two different markets that trade the same asset. The observed price in both market,
Y1, and y2 ¢, share one common trend - the efficient price. In a multivariate setting, this can be

expressed as:

Yt C1 t>
et (). 3)
(y2,t> ¢ 2.t
and ¢ is a (2x1) unit vector. This equation can be seen as the integrated process of random walk and

news innovations plus the market frictions observed at time ¢. The study of price discovery relies



on the assumption of price cointegration. When a single security trades in two different markets,
prices in both markets share a common stochastic trend, p;. Since prices in both markets are driven

by the same underlying fundamentals, the difference between y;; and ys; is stationary. Formally,

=0 (") == D+ 0= D) = e (W
Y2t ¢ 2t

which is a covariance stationary assuming that frictions are stationary. Equation (4) shows that the

difference in prices in the two markets represents the difference in frictions and the two price series

are cointegrated with cointegrating vector, ' = ( 1 —1 ). The Engle-Granger Representation

Theorem suggests that a cointegrated system can be expressed as an error-correction model of the

following form,

N
Ayy=c+afy1+ > DAy 1+ & (5)

=1

where Ay, is the (2x1) vector of log returns, ¢ is a vector of constants, « is a (2x1) vector that

alUs

measures the speed of adjustment to the error-correction term (ie. a = ( )), Ty are (2x2)

QCAN
matrices of AR coefficients, and ¢, is a (2x1) vector of innovations. The VECM has two parts: the
first part, 8'y;_1, represents the long-run equilibrium between the price series. The second part,
N

> T Ay,—1, represents the short-term dynamics induced by market imperfections.
i=1

The VECM has been used extensively to study the price discovery of a security traded in multiple
markets. For example, Hasbrouck (1995) uses the VECM to estimate price discovery of stocks
traded in the NYSE and U.S. regional exchanges. Werner and Kleidon (1996) analyze the cointe-
gration of British stocks cross-listed in the UK and U.S. markets. Huang (2002) studies the price
discovery of quotes in Nasdaq market submitted by the electronic communication networks (ECNs)
and by traditional market makers. Pascual et al. (2006) investigate the price discovery process of

Spanish cross-listed stocks in the NYSE during the daily (two-hour) overlapping interval.



3.2 Price Discovery Measures

In this paper, we use the VECM to compute the price discovery measures of Canadian stocks cross-
listed in the U.S. We follow two approaches: the Gonzalo Granger (1995) permanent-transitory
decomposition (PT) , and the Hasbrouck (1995) information share (IS) measures. They are directly

related and the results of both models are primarily derived from the VECM.?

3.2.1 Gonzalo Granger (1995) Permanent-Transitory Decomposition (PT) Measure

The PT measure is concerned with the permanent shocks that result in a disequilibrium as markets
process news at different speeds. The PT measures each market’s contribution to the common
factor, where the contribution is defined to be a function of the market’s error correction coefficients;
in this case, the speed of adjustment coefficients, . When a market dominates in terms of price
discovery, its value of a will be small, indicating that this market does not correct in response to
any differences in prices between markets. Conversely, when a market is a satellite market, its value
of o will be large in absolute terms relative to the dominant market, indicating strong adjustment
to price differences. If neither market is completely dominant, the magnitude of « will indicate the

relative dominance between the two. The PT can be computed using the following measure,

prvs— o (6)
= QCAN | |oUS|’

Us CAN

where "~ is negative, and « is positive given our § definition of (1, —1). This ratio gives

an indication of the degree of dominance of one market over the other market. A higher value of

TUS

this ratio reflects a greater feedback or contribution from the US. Therefore, a P of zero would

imply that the NYSE does not contribute to the price discovery of the stocks, whereas a PTVS

greater than zero would imply feedback from the NYSE to the TSX.

Baillie et al. (2002) explain that PT and IS provide similar results if the VECM residuals are uncorrelated.
However, if substantial correlation exists, the two measures usually yield different results. While the PT measure is
not affected by contemporaneous correlation in the residuals, the IS model is. Therefore it needs to be handled using
Cholesky factorization, which requires that the prices be ordered. This makes the IS results to be variable order
dependent and Hasbrouck (1995) suggests that different orders be used in order to calculate the upper and lower IS
bounds before they are averaged to arrive at a final IS result.

10



3.2.2 Hasbrouck (1995) Information Share

Hasbrouck proposes an alternative measure for price discovery — the information share (IS). It
measures the proportion of variance contributed by one market with respect to the variance of the
innovations in the common efficient price. To assess this, note that we can rewrite Equation (5) as

a vector moving average (Wold representation):

Ay, = W(L)ey, (7)

where W(L) is a matrix polynomial in the lag operator (W(L) = 1 + 9L + o L? + 3 L3 + ...).
Following the Beveridge and Nelson (1981) decomposition, which states that every (matrix) poly-
nomial has permanent and transitory structure, we can write Equation (7) in its integrated form

as:

yr = V(1) Zi:l es + U*(L)e;. (8)

where W(1) is the sum of all moving average coefficients, which measures the long-run impact of
an innovation to the level of prices. Since prices are cointegrated, 3'y; is a stationary process, it
implies that /¥ (1) = 0, i.e.the long-run impact is the same for all prices. If we denote 1 = (1)1, 5)

as the common row vector in ¥(1), Equation 8 becomes:

t

Y = 1 (Z es) + U*(L)e;. 9)
s=1

Hasbrouck (1995) states that the increment e; in Equation (9) is the component of price

change that is permanently impounded into the price and is presumably due to new information

and decomposes the variance of the common factor innovations, i.e., var(ye;) = Q). The

information share of a market is defined as the proportion of variance in the common factor that is

attributable to innovations in that market. Since Hasbrouck (1995) uses the Cholesky factorization

11



of @ = MM’ to handle contemporaneous correlation, where M is a lower triangular matrix, the

information share of market ¢ is represented as:

_ (M)

G = il 10
o (10)

We compute V(1) in Equation (9) by calculating the product of the orthogonal matrices of 3, and

o (see Baillie et al., 2002),

\IJ(1> = /BLHala

= (= 3 ApA) )

where I is the (2x2) identity matrix, and II is a scalar if there is only one common factor in the

system. Since 8 = (1,—1)’, we know that 3, = (1,1)". Therefore,

w(1) = (0 i Y1 72 (12)

(0 Y172

Where 7, and 7, are the components of o/, . Subsequently, the lower triangular matrix, M given

by Cholesky factorization of 2 in Equation (10) can be expressed as:

mi1 0 o1 0

mi2 Moo poy ool — p?)t/?

Using equation (9), (12), and (13) we can rewrite the information share as:

(y1ma1 + 72m12)2
(yyma1 4+ yama2)? + (ygmaz)?’
2
S (’72 m222) - (14)
(yymar + yami2)? + (vamaz)

S1 =

12



where S7 denotes the upper bound of the information share of market 1 and Sy the lower bound
of market 2. In order to get the lower bound for market 1 and upper bound for market 2, we
reverse the order of the ¥(1) as well M and recompute Equation (14). Subsequently, we compute

the midpoints to obtain the IS value.
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4 Data Sources

4.1 Intraday Stock Returns Data

We collect data for 38 Canadian stocks which are traded in Canada and the U.S. for the period
January 1, 2004 to January 31, 2011 (1,727 trading days). For the U.S. market, we use the national
best bid and ask quotes for stocks with the NYSE as primary listings.and for the Canadian market,
we use quotes posted at the T'SX as consolidated tape had not yet existed. The end of the sample is
chosen to avoid confounding effects from the new Order Protection Rule in Canada which became
effective on February 1, 2011 (see Clark, 2011). These stocks are simultaneously traded cross-listed
pairs through the sample period, and had a minimum trading history of three months preceding
the study period. Data are collected from the Thomson Reuters Tick History (TRTH) database
maintained by SIRCA.? We obtain intraday quotes sampled at one-second frequency.? Since some-
times trading in one of the markets start later than 9:30:00, we risk having non-synchronous data.
Therefore, we omit the first five minutes of the day. This leaves us to 23,100 observations per trad-
ing day per company. Following Grammig et al. (2005), we use midpoints of quotes to study price
discovery as these are less affected from the bid-ask bounce that is normally observed in transaction
prices. We also obtain intraday Canadian - U.S. Dollar exchange rate quotes from TRTH and use
the midpoint to convert the Canadian prices into U.S. Dollars. Hence, our analyses in this paper

are based on the quote price series for each firm in the same currency, i.e. the U.S. dollar.

TABLE 1

Table 1 contains descriptive statistics for our sample of 38 firms. We report the market capitaliza-
tion, average daily trade, and average percentage bid-ask spread for each stock in both the U.S.

and Canada. We also include the trading ratio and spread ratio of the U.S. market relative to

3Securities Industry Research Centre of Asia-Pacific.

'Fleming and Remolona (1999) indicate that more powerful tests of market efficiency can be carried out only by
using intraday observations of financial asset prices. Eun and Sabherwal (2003) use quotes at 10-minute interval to
assess price discovery in their study from February to July 1998, while 1-minute interval is employed in Chen and
Choi (2012) in their study from January 1998 to December 2000. By 2007, Riordan and Storkenmaier (2012) uses
milisecond frequency to capture price discovery, albeit their sample are the most actively traded companies making
up the German main indexes. With these considerations, we postulate 1-second interval as the optimal sampling
frequency

14



the Canadian market. Our sample covers a broad set of firms with market capitalization ranging
from a minimum of $558 million to a maximum of $66 billion. It covers the less liquid stock such
as Kingsway Financial Services with a daily U.S. trades of 158 trades to a more liquid stock such
as Barrick Gold with a daily trades of 33,331 trades, with a sample average of 7,110 trades. In
Canada, daily number of trades ranges from a minimum of 108 trades for MI Developments Inc. to
a maximum of 10,213 trades for Suncor Energy, with an average of 4,179 trades. The trading ratio
suggests that trading intensity is higher in the U.S. than in Canada as shown by a 63% ratio. The
highest trading ratio in the U.S. is Brookfield Office with 84% while the minimum is reported by
TransAlta Corp with 11%. The average daily percentage spread in both markets is 0.12%, and the
average spread ratio for the U.S. market as a proportion to the Canadian market is 50%, suggesting

that cost of trading on average is about the same in the U.S. and Canada.

We conduct the usual procedures of unit root and cointegration tests before estimating the PT and
IS. To test for non-stationarity, we perform Augmented-Dickey Fuller tests using Akaike Information
Criterion (AIC) to select optimal lag length. For all stocks, we cannot reject the presence of a unit
root. Subsequently, we conduct Johansen’s (1988) test for cointegration. In all tests, we reject the
null of no cointegration in favour of the alternative of one cointegrating vector. Since the price series

in our sample satisfy both conditions, we conclude each pair of our sample stocks is cointegrated.

4.2 Macroeconomic News Announcements

TABLE 2

Table 2 lists the names, sources, time of release and the frequency of all the macroeconomic news
announcements considered in this study. We obtain the date, time and the actual figures for the
macroeconomic news announcements from their respective websites as listed in the Appendix. For
the Canadian market, we select 10 Canadian macroeconomic news releases (in line with studies
such as Gravelle and Moessner, 2001; Doukas and Switzer, 2004). Real GDP, Capacity Utilization
Rate, and Current Account Balance are announced quarterly, Interest Rates are released every 6

week, while the rest are released monthly. As for the U.S. announcements, given the large number

15



of data releases, we restrict our sample to the most relevant 22 items. This is in line with the
literature in this area (see Balduzzi et al., 2001; Andersen et al., 2003, 2007). From these major
announcements, the GDP related announcements are released quarterly, Fed-funds rate is released

every 6 week, and all the remaining announcements are released monthly.

5 Results

In this section, we present the results for the models proposed in Section 3. We divide our analyses
into two subsections. The first subsection concerns the change in daily level of price discovery
caused by macroeconomic news announcements. Specifically, we compute the PT and IS for the
stocks during announcement and non-announcement days over the sample periods, then we measure
the difference between the two results. We examine the absolute changes in price discovery as well
as the directional changes. We further conduct a regression analysis and control for the possible
impact of liquidity during announcement times. The second subsection concerns the change in
intraday price discovery during announcement times. Using smaller intraday event windows on
periods surrounding the announcements, we implement similar tests as the ones in section one. The
tests in these two subsections assess the different relationship aspects between macroeconomic news
announcements and stock prices, such as the direction of the news impact, the types of significant

news (domestic vs foreign news), as well as the accuracy of the time and model specifications.

5.1 Dalily Price Discovery during Announcement and Non- Announcement Days

To illustrate the importance of macroeconomic announcements in understanding the price discovery
mechanism, we consider the relation between announcement /non-announcement days and the price
discovery measures of the stocks. We compute PT and IS daily. The VECM of equation (5)
is estimated by Ordinary Least Squares (OLS) with optimal lag length computed by AIC. We
differentiate the PT and IS on non-announcement days and specific announcement days. The
difference in PT and IS indicates market reactions to price discovery imposed by news releases. We
report percentage change in PT and IS. T-statistics are computed using paired-difference test, and

controlled for possible heteroskedasticity using Newey-West correction.
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5.1.1 Absolute Difference Test

Price discovery may shift to either direction for stocks listed in multiple markets, especially when
news may originate from either market. Therefore, the relative extent of news on price discovery
is not obvious. As discussed in Eun and Sabherwal (2003), the TSX, as the home market stock
exchange, is likely to contribute substantially to price discovery as it is in the security’s home
market where substantial information is expected to be produced. However, the dominance of the
U.S. stock exchanges as among the largest and most liquid exchanges in the world also suggests
that they are likely to contribute significantly to price discovery. Such conflicting arguments do
not provide us with a clear prior on the directional impact of news announcements. Therefore,
we may observe price discovery shifting in either directions. Calculating the mean coefficients in
such condition may lead us to type 2 error where the mean is close to 0 and t-statistics appear
insignificant since the impacts cancel each other off. To deal with this issue, we conduct test using

absolute differences.

INSERT TABLE 3

Table 3 reports the difference in the U.S. portion of price discovery between non-announcement

and announcement days for the period January 2004 to January 2011. The figures reported are

|(IS(PT)Announcement_IS(PT)Non—Announcement)‘
IS(PT)NO'!LfA'nnounce'nLent

the absolute percentage differences in IS and PT, , and
their t-statistics. It also reports the number of firms which significantly cause shifts in IS and
PT.”> On aggregate, macroeconomic news announcements cause a 3.1% shift in U.S. IS, and a 2.6%
shift in PT. Canadian announcements contribute to 3.4% (2.8%) shifts in IS (PT), while U.S.
announcements lead to 3.0% (2.5%) shifts. On average, 36.7 out of 38 firms react significantly to
announcements, causing significant shifts in IS (and 36.8 for PT)

Looking at the individual announcement, we find significant shifts in the U.S. portion of price
discovery during all announcements. The number of firms which show significant reactions are also

very high. These results strongly suggest that macroeconomic news announcements affect the level

of price discovery between Canada and the U.S.

"We use Li and Maddala (1997) stationary bootstrap method to resample the residuals. We first estimate the
VECM model of Equation (5). The estimated parameters and residuals are stored. The resampled residuals are
then inserted back into the VECM. The VECM is-re-estimated and the new IS and PT recalculated. We repeat the
process 200 times.
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5.1.2 Directional Difference Test

We examine the directional impact of news announcements on price discovery by computing the per-
centage difference in IS and PT during days with a specific announcement and non-announcement
days. Table 4 reports the differences in price discovery during various announcement days and their
t-statistics. It also reports the number of firms which significantly reduce or increase the IS and

PT.

INSERT TABLE 4

Panel A in Table 4 presents the changes in U.S. IS during the different announcement days. On
average, macroeconomic news announcements cause a significant 1.1% increase in the U.S. IS, at
1% level with 24.3 firms significantly show increases in IS and 12.3 firms show decreases. Cana-
dian announcements contribute to a significant 1.5% increase in IS, and the U.S. announcements

contribute to a 0.9% increase.

When we break down the different Canadian announcements, we find that five macroeconomic
announcements: Consumer Price Index, Labour Force Survey, Capacity Utilization Rate, Retail
Sales and Leading Indicator Index significantly increase the U.S. IS (decrease in Canada IS). This
is reflected in the number of firms which significantly increase the U.S. IS as opposed to those which
decrease it, as shown in the third and fourth columns of Panel A. For example, the increase in IS
during Consumer Price Index announcements is caused primarily due to 30 of the firms in our sample
showing significant increase in IS whereas only 5 firms show significant decrease. Some of the largest
increase in IS is during Canada Capacity Utilization Rate announcements with 4.7%, followed by
Retail Sales announcements by 3.7%, and Labour Force Survey with 2.8%. This may indicate that
these announcements cause more concentrated and intensive reaction from U.S. market players.
Canada Interest Rates announcement does not appear to be significant. One possible explanation
may be the relatively easy predictability of the statistics by the market players, since there has not
been a sufficient degree of divergence between Canadian and U.S. business cycles after the Bank of

Canada began efforts to increase its monetary policy transparency in the early to mid-1990s.
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As for the U.S. announcements, we observe a large number of announcements significantly increase
the U.S. IS. The Federal Funds Rate announcements, as one of the key macroeconomic variables
appear to lead to a significant increase in IS. Forward looking macroeconomic announcements such
as Consumer Confidence Index, Chicago PMI, and Leading Indicator Index also report significant
increase in IS. Housing Starts report, which are used by analysts to help create estimates for other
consumer-based indicators is significant. Another important macroeconomic variable is the Trade
Balance, which also appears significant. It has been documented that small open economies are
affected by international economic developments, especially by large countries with which they have
important relationships in international trade.® Therefore, it is not surprising if an open economy
like Canada with a strong trade and capital market links with the United States is expected to be

affected by developments in the U.S. economy.

Panel B of Table 4 reports the PT results. They are very similar to those of the IS results in Panel
A. The correlation coefficient between the IS and PT results is 0.978, which affirms our earlier
finding. On average, macroeconomic announcements cause a significant (at 1% level) 1.0% increase
in PT, with a 1.1% increase contributed by the Canadian announcements and 0.9% increase by
the U.S. announcements. Overall, price discovery shifts to the U.S. during macroeconomic news
announcements. To further assess the robustness of our results, we conduct a regression test,

controlling for possible exogenous variables as discussed in the next section.

5.1.3 Daily Regression Analysis

Does the role of macroeconomic news announcements diminish after controlling for liquidity shocks?
Jiang et al. (2011) suggest that liquidity shocks, such as changes in the bid-ask spread and market
depth during macroeconomic news announcements have significant predictive power for changes
in security prices. Moreover, Mizrach and Neely (2008) find that market liquidity contribute sig-
nificantly to the level of IS and PT during announcement times. With these considerations, we
construct a regression model using dummy variables as a proxy for announcement days to test for

the impact of announcements, controlling for liquidity effect. In doing so, we first construct series

8 Campbell and Lewis (1998) show that Australian fixed-income markets are significantly affected by U.S. macro-
economic news.
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using daily IS and PT, and estimate the following model:

pDYS NS s
pope) © ot P R )| e )
+BsTime + B4 Dy + &4 (15)

where PDV* represents the daily U.S. IS or PT, NV° and NF4N are the daily number of trades
in the U.S. and Canada, S7% and SV are the daily average percentage spreads in both markets,
Time is a simple linear trend, and D; is the announcement day dummy which takes on a value of
1 during an announcement day, or 0 during non-announcement day. We estimate the coefficients

using firm fixed effects estimator with clustered standard errors.

INSERT TABLE 5

Table 5 illustrates the linkage between microstructure variables and the price discovery estimates.
For both the IS and PT, announcement day dummy variable strongly explains the increase in price
discovery. Even after separating the Canadian and U.S. announcements as shown in the second
column of each panel, the result still holds strongly. This suggests that the U.S. markets become
more informative not only during days with Canadian macroeconomic news announcements, but
also during days with U.S. news announcements. There also appears to be a strong time trend effect
as captured by the "Time" variable. Ratio Trade is positive and highly significant, implying that
an increase in relative number of trades in the U.S. increases the U.S. portion of price discovery.
This is consistent with Engle and Lange (2001) who find that a large price adjustment is normally
driven by trades. Ratio Spread is negative and also highly significant which suggests price premium
in the U.S. (represented by the increase in relative spread in the U.S.) lowers the U.S. portion of
price discovery. This is in line with Fleming et al. (1996) who indicate that informed traders will
transact in the market with the lowest transaction costs in order to maximise profits generated from
trading on their information. The R?(adj) from Equation (15) range from 49.1% for the IS model

to 44.7% for the PT model. We conclude that macroeconomic news announcements and standard

20



liquidity measures strongly capture the daily fluctuations in price discovery between Canada and

the U.S.

5.2 Intraday Price Discovery

We also test the impact of announcements using smaller event windows, particularly on periods
surrounding news releases. Several studies show that prices adjust within minutes of the announce-
ment (see Fleming and Remolona, 1999; Nowak et al., 2011; Scholtus et al., 2013). Such an
immediate and short-lived effect would not be picked up in a daily estimation. We therefore in-
vestigate the news effect using a 20-minute time window (10 minutes pre and post) surrounding
a specific announcement. We select this window to enable us capture the impact of traders with
superior information.” If such traders are present, their trades may reveal information even before
the public news is announced. This may cause price and therefore price discovery measure to adjust

themselves before the announcements and then continue to affect the news interpretation.

We focus on U.S. announcements (10 in total) which occur after the stock market opens at 9:30
AM in both markets. There are no Canadian announcements after this opening time. We first
construct a price series by selecting the 20-minute data (1200 observations) surrounding the news
release on a particular announcement day. Based on this series, the VECM model is estimated on

a daily basis and the IS and PT computed.

INSERT TABLE 6

Table 6 presents the absolute difference in price discovery during the non-announcement and various
announcement days. Panel A and B in Table 5 present the U.S. IS and PT over the different
announcement days, respectively. On average, macroeconomic news announcements cause a 4.9%
shifts in IS and a 3.6% shift in PT. These numbers are larger than those of the daily coefficients,
as one might expect that news releases have a greater impact on price discovery in a narrow

window during announcements. Looking at the number of firms, the IS (PT) measure reports 35.7

"Phylaktis and Chen (2010) point out that information over the public news could be revealed after as well as
before the announcement, if there is asymmetric information.
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(34.8) firms with significant shifts in price discovery. For the individual announcements, we find
significant shifts in the IS and PT during all ten announcements. Federal Funds Rate announcement

in particular, leads to a very large shift in both IS and PT.

INSERT TABLE 7

Table 7 shows the directional impact of announcements. For the information share, Panel A shows
that on average, the announcements lead to a 2.4% increase in IS. For 8 out of 10 announcements,
the information share shifts to the U.S. The magnitude of the figures are higher than the figures
for daily estimation as reported in Table 3. For example, Chicago PMI reports an increase in IS by
3.5% at the intraday level as compared to 2.0% at the daily level. New Home Sales announcement
leads to an increase in IS by 2.7% (as opposed to 2.0%), while Construction Spending leads to an
increase in IS by 2.3% (as opposed to -3.4%). These suggest that the smaller event window allow
us to pick up stronger price formation process as well as more precise reaction which may not be
picked up accurately in daily estimation. Another interesting finding is that U.S. IS increases by
11.6% during Fed Funds Rate announcement This indicates a concentrated reaction from market
players in the U.S. towards interest rates changes. As for the PT, the average increase is 1.4%,
with only 5 out of 10 announcements show significant increase. Fed Funds Rate show a consistent

and significant increase of 6.3%.

INSERT FIGURE 1

Figure 1 plots two different series at different time periods of the day. The first series is
the IS during non-announcement days and the second series is the IS during Fed Funds Rate
announcements. We use a 20-minute data and measure IS on a 1-minute rolling window for each of
the 38 firms in our sample, and compute the average. From the plot, we observe that while the IS
stays flat during non-announcement days, the U.S. information share increases sharply at 14.15PM,
which is the time when the new Fed Funds Rate is announced. The market reaction seems to last

for about an hour until the IS returns back to its initial level. This clearly illustrates that the U.S.
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market is better at processing information than the Canadian market during news announcements.

INSERT TABLE 8

We also re-estimate Equation (15) at the intraday level on 20-minute period window. Similar to
our previous finding, time trend and liquidity shocks contribute significantly to the level of IS and
PT during announcement times. An increase in relative trade in the U.S. increases the IS and PT
while an increase in relative spread in the U.S. decreases them. Announcement day dummy is also
positive and significant at 10% level. The R?(adj) range from 27.3% for the IS model to 27.2% for
the PT model. Overall, we conclude that price discovery shifts to the U.S. during macroeconomic

news announcements, and our findings are robust to model and time specifications.

6 Conclusion

In this paper, we examine the role of macroeconomic news announcements to the price discovery
of Canadian stocks listed in Canada and in the U.S. Using a sample of 38 Canadian stocks listed
on the TSX that are also listed in the U.S. market with the NYSE as primary listing, we measure
price discovery over the period January 2004 to January 2011. We assess the contribution of
macroeconomic news by comparing the level of price discovery during days with announcements,

and days with no news. We also assess when the news originates from Canada and the U.S.

Our analyses yield several important findings. First, we observe that price discovery shifts for most
of the firms in our sample during news announcement days. Second, both the Canadian and the
U.S. macroeconomic news announcements lead to the same price discovery shifts to the U.S. as
represented by significant increase in U.S. IS and PT. Third, the impact of news announcements
remains strong even after controlling for time trends and liquidity shocks. These findings are
further supported by intraday analyses of price discovery on periods surrounding news releases.

On the whole, we find that the U.S. market becomes more dominant in terms of price discovery
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than the Canadian market during announcement times, thus implying the difference in information

processing capability between the two markets.

These results have important implications for financial markets and exchange officials. First, for
financial markets, our findings suggest a decline in the importance of the Canadian market during
macroeconomic news announcements time. The U.S. market seems to be better at processing
information from macroeconomic news. Second, the fact that Canadian announcements leads to
the same price discovery shift to the U.S. as the U.S. announcements indicates that Canadian
market participants actually put less emphasis on domestic macroeconomic news releases than the
U.S. market participants. Finally, the significant increase in trading ratio and a decrease in spread
ratio of the U.S. markets relative to the Canadian markets suggest that the U.S. markets, as the
larger and the more liquid exchange of the two, is the preferred destination for traders who seek
for liquidity and cheaper trading options. These results provide useful insight for the Canadian
officials in order for the market to stay competitive, especially through improvement in efficiency

and promoting economic growth.

24



References

Amin, K. L., & Lee, C. M. C. (1997). Option Trading, Price Discovery, and Earnings News Dissemination.

Contemporary Accounting Research, Vol. 14(2), pp.153-192.

Andersen, T. G., Bollerslev, T., Diebold, F. X., & Vega, C. (2003). Micro Effects of Macro Announcements:

Real-time Price Discovery in Foreign Exchange. American Economic Review, 93, 38-62.

Andersen, T. G., Bollerslev, T., Diebold, F. X., & Vega, C. (2007). Real-time price discovery in global

stock, bond and foreign exchange markets. Journal of International Economics, 73, 251-277.

Baillie, R. T., Bootha, G. G., Tseb, Y., & Zabotinac, T. (2002). Price discovery and common factor models.

Journal of Financial Markets, 5, 309-321.

Balduzzi, P., Elton, E. J., & Green, T. C. (2001). Economic News and Bond Prices: Evidence from the

U.S. Treasury Market. Journal of financial and Quantitative Analysis, Vol. 36(4), pp. 523-543.

Bernanke, B. S., & Kuttner, K. N. (2005). What Explains the Stock Market’s Reaction to Federal Reserve

Policy? The Journal of Finance, Vol. LX (3), pp.1221-1257.

Beveridge, S., & Nelson, C. R. (1981). A New Approach to Decomposition of Economic Time Series Into
Permanent And Transitory Components With Particular Attention to Measurement of The 'Business

Cycle’. Journal of Monetary Economics, Vol. 7, pp. 151-174.

Boyd, J. H., Hu, J., & Jagannathan, R. (2005). The Stock Market’s Reaction to Unemployment News:

Why Bad News Is Usually Good for Stocks. The Journal of Finance, Vol. LX(2), 649-672.

Brandt, M. W., & Kavajecz, K. A. (2004). Price Discovery in the U.S. Treasury Market: The Impact of

Orderflow and Liquidity on the Yield Curve. The Journal of Finance, Vol. LIX(6), 2623-2654.

Campbell, F., & Lewis, E. (1998). What Moves Bond Yields in Australia? Reserve Bank of Australia

Working Paper Series.

Chen, H., & Choi, P. M. S. (2012). Does information vault Niagara Falls? Cross-listed trading in New York

and Toronto. Journal of Empirical Finance, Vol. 19(2), Pp. 175-199.

25



Doukas, J., & Switzer, L. N. (2004). Bi-National News Effects and Exchang Rate Futures: The Case of

Canadian Dollar Futures Contracts. Working Paper.

Engle, R. F., & Lange, J. (2001). Predicting VNET: A model of the dynamics of market depth. Journal of

Financial Markets, Vol. 4, pp.113-142.

Eun, C. S., & Sabherwal, S. (2003). Cross-Border Listings and Price Discovery: Evidence fromU.S.-Listed

Canadian Stocks. The Journal of Finance, Vol. LVIII(2), 549-575.

Evans, M. D. D.; & Lyons, R. K. (2005). Do currency markets absorb news quickly? Journal of International

Money and Finance, 24, 197-217.

Fleming, J., Ostdiek, B., & Whaley, R. E. (1996). Trading Costs and the Relative Rates of Price Discovery

in Stock, Futures, and Option Markets. Journal of Futures Markets, Vol. 16, pp. 353— 387.

Fleming, M. J., & Remolona, E. M. (1999). Price Formation and Liquidity in the U.S. Treasury Market:

The Response to Public Information. The Journal of Finance, Vol. 54(5), 1901-1915.

Frijuns, B., Gilbert, A., & Tourani-Rad, A. (2010). The dynamics of price discovery for cross-listed shares:

Evidence from Australia and New Zealand. Journal of Banking & Finance, 34, 498-508.

Gonzalo, J., & Granger, C. (1995). Estimation of Common Long-Memory Components in Cointegrated

Systems. Journal of Business & Economic Statistics, 13, 27-36.

Grammig, J., Melvin, M., & Schlag, C. (2005). Internationally cross-listed stock prices during overlapping

trading hours: price discovery and exchange rate effects. Journal of Empirical Finance, 12, 139- 164.

Grammig, J., Melvin, M., & Schlag, C. (2008). The Role of U.S. Trading in Pricing Internationally Cross-

listed Stocks. Working Paper.

Gravelle, T., & Moessner, R. (2001). Reactions of Canadian Interest Rates to Macroeconomic Announce-
ments: Implications for Monetary Policy Transparency. Bank of Canada Working Paper Series, Vol.

5.

Hasbrouck, J. (1995). One Security, Many Markets: Determining the Contributions to Price Discovery.

The Journal of Finance, Vol. 50(4), 1175-1199.

26



Huang, R. D. (2002). The Quality of ECN and Nasdaq Market Maker Quotes. The Journal of Finance,

Vol. 57(3), pp. 1285-1319.

Hupperets, E. C. J., & Menkveld, A. J. (2002). Intraday analysis of market integration: Dutchblue chips

traded in Amsterdam and New York Journal of Financial Markets, 5, 57-82.

Clark, R. (2011). The Evolving Regulatory Landscape in Canada. Investment Technology Group Insights

Publication, Vol. 7(7).

Jiang, G. J., Lo, I, & Verdelhan, A. (2011). Information Shocks, Liquidity Shocks, Jumps, and Price
Discovery: Evidence from the U.S. Treasury Market. Journal of Financial and Quantitative Analysis,

Vol. 46(2), 527-551.

Li, H., & Maddala, G. S. (1997). Bootstrapping Cointegrating Regressions. Journal of Econometrics, Vol.

80, pp. 297-318.

Lieberman, O., Ben-Zion, U., & Hauser, S. (1999). A Characterization of the Price Behavior of International
Dual Stocks: an Error Correction Approach. Journal of International Money and Finance, Vol. 18(2),

pp. 289-304.

Love, R., & Payne, R. (2008). Macroeconomic News, Order Flows and Exchange Rates. Journal of Financial

and Quantitative Analysis, Vol. 43(2), pp. 467-488.
Madhavan, A. (2000). Market microstructure: A survey. Journal of Financial Markets, Vol. 3, pp. 205-258.

Martens, M. (1998). Price discovery in high and low volatility periods: open outcry versus electronic
trading. Journal of International Financial Markets, Institutions and Money 8 (1998) 243-260, Vol.

8, pp. 243-260.

McQueen, G., & Roley, V. V. (1993). Stock Prices, News, and Business Conditions. Review of Financial

Studies, Vol. 6(3), pp. 683-707.

Mizrach, B., & Neely, C. J. (2008). Information shares in the US Treasury market. Journal of Banking &

Finance, Vol. 32, pp. 1221-1233.

Nowak, S., Andritzky, J., Jobst, A., & Tamirisa, N. (2011). Macroeconomic fundamentals, price discovery,

and volatility dynamics in emerging bond markets. Journal of Banking & Finance, 35, 2584-2597.

27



Pascual, R., Pascual-Fuster, B., & Climent, F. (2006). Cross-listing, price discovery and the informativeness

of the trading process. Journal of Financial Markets, 9, 144-161.

Phylaktis, K., & Chen, L. (2010). Asymmetric Information, Price Discovery and Macroeconomic An-
nouncement in FX Market: Do Top Trading Banks Know More? International Journal of Finance &

Economics, 15, 228-246.

Riordan, R., & Storkenmaier, A. (2012). Latency, liquidity and price discovery. Journal of Financial

Markets, Vol. 15, pp. 416-437.

Scholtus, M. L., Dijk, D. v., & Frijus, B. (2013). Speed, Algorithmic Trading, and Market Quality around

Macroeconomic News Announcements. Tinbergen Institute Discussion Paper.

Taylor, N. (2011). Time-varying Price Discovery in Fragmented Markets. Applied Financial Economics,

Vol. 21, pp. 717-734.

Werner, I. M., & Kleidon, A. W. (1996). U.K. and U.S. Trading of British Cross-Listed Stocks:
An Intraday Analysis of Market Integration. The Review of Financial Studies, Vol. 9(2), pp.
619-664.

28



%67 %G1'0  %TI'0 %E9 1167 Py’ L uea\
%8G %900 %800 %65 c19‘e 6771 8C¢‘CT dUL ‘dio)) epeuepsuel], | 8¢
%¥9 %IT0  %0T°0 %TT 7591 S0% Go8'V OVL “d1o)) ejpysuely, L€
%68 %G00 %200 %6¢ 120°L LEV'¥ £68°2¢ ar Jueq UOTUIWO([-0UOIOT, | 9¢
%67 %80°0 %800 %99 8LV'9  99¢CT TET°LT NTL ouy ABIoUY UeWSIR], | GE
%8¥ %900  %S0°0 %69 ¢1z'0T  106°C% S0¢cy ns pojerodioouy ASrouy rooung | Hg
%28 %L0°0 %010 %Ve 8G6°'€E 7L0°C 198°0¢ ATS [eIOURUL ST UNG | €€
%S %0 %VT0 %TE 110G G76 €08°'L Aars 'OU] SUOTYROTUNTITIO]) MRS 143
%09 %G00 %200 %3e 760°8 678°¢ GGG'99 AY epeUR)) JO Yueq [RAOY £
%LG %60°0 %10 %Ve 086°¢ 910'c 03591 104 "OU] UOIJEOIUNTUWO)) SIDFOY 0€
%0€ %9€°0 %910 %28 8¢ 25e1 29%'c vay SI99UOIINY SIOYIOL dIYNTY | 6G
%67 %eT0  %ETO %29 9€6'T 086°¢ L0€'% sad IS, SUI[LI(] UOISIOAI] 8%
%Ty %00 %S00 %€8 FLE'G  €L5°9C VLL'8C L0d ouf uemaypjesseg jo uonyerodio)) yseyod | Lg
%EV %LT0  %ET0 %TL 0931 180°¢ 9¢T1'e HOd "diop) AB1ouy] YymoIsue | 9g
%18 %600 %600 %19 er9‘g ¥L6'8 G191 AXN Ouf WOXON | GG
%28 %90 %Tg0 %G. 80T L1€ G8E‘T INIIN ouf syuewdoresd IIN | o
%88 %900 %90°0 %8¥ 068°2 920°2 c0g 0¥ DAN "drop) [emueul] SJIMURIN | €3
%08 %BIT0  %ITO %EL Spe'L 67961 6GL°0T 0D "d1op) poy ssorury | g
%8¢ %9¢°0  %6%°0 %8% 607 8GT 8GG S "OUJ SOITAIDG [RIOURUL] ACMSSUIY] | 1g
%V %LO0 %S00 %9L L1166 LET08 6£S7% ) ouy droopon | 0g
%LV %9T°0  %V1'0 %89 9¢¥'1 186°C 090°€ i) DU TBIMIATIOY URPIID) 61
%SV %ET0  %ITO %99 08€'T 079'c FE8'F J149d ‘diop snidrouy | 8T
%8% %80°0 %S00 %€9 608 0€6°€T 018°T€ vod "diop eueduy | LT
%8¢ %80°0 %010 %ee 66¢°C GOT'T ZT0'61T aNA our aspuquy | 91
%ET %LED  %8T0 %5L 6L9 LEL'T 688 LOD diopy LLOD | ST
%68 %LT'0  %ST0 %8¢ 6LY'T 186 8eL'e qam dnorn 195D | 71
%LV %910 %VT'0 %0L 88¢‘T veL'e 928°T STD ouf eouseP) | €1
%06 %800 %800 %8¢ 765G qIT'E 196°6 dn oywRJ weIpeue)) | gl
%6¥ %900 %90°0 %29 LGTL T6VTT L80°7€ OND "PYT S90IN0SIY [RINJRN URIpRUR)) 11
%67 %900 %90°0 %65 7937 G9T1°9 96¢°L% IND Auedwoy) Aem[rey] [euoljeN uepeue)) | (f
%89 %80°0  %0T°0 %LG 189V 6191 7¥8°L% jA\fe} uoryedIUNWWOy) Yueq [elroduw] uerpeue)) 6
%6V %600 %800 %89 €0L'Y 1.6°6 TLE'TT roon "d1opy odsure)) 8
%IV %YT'0 %010 %P8 0LV'T 8€L°L €6L°L odd PO PRYFo0Ig L
%96 %G00 %200 %9¢ €28's Lyve'e €1%'Le q0d oul 40d 9
%EV %900 %¥0°0 %L1 789‘6  1ge'ee 706°7¢ Xdav pPIoH yprireq g
%89 %G0°0 %600 %€e 9¢1'9 988°T 98'6¥ SNd BI10DG RAON JO Yueq i4
%€9 %80°0 %600 %8% 8LG'G G61'% L6V1€ ONd [BAIIUOIN JO queg ¢
%EV %0T°0 %200 %L 08T’V €T6°TT ¥8L'8 nov DU WISy 4
%1¥ %010 %200 %LL evs'e  L6I'al 44} NV poyWIT SoUIy O[Se-001Uly I
(NVO+sn)/sn  NvD  sn | (NVvD+sn)/sn NVD sn (rrwg) [oqug Auedwoy | 'oN
peoadgy, aSeioAy apel], A[re @8eioAy de) jodreN 110g Arenuer - 00g Lrenuep

*Jo[IeW URIPRULR)) 9} 0} SAIJE[aI 19X IRW "G Y} Jo oryer peaids oY) pue orjel Surper} o) are pajrodar OS[y "epeue)) pue ‘g’ 9y} ul peards

o8ejuaoiad oFeIioae o) pur ‘opel) A[rep oSeioar o1} ‘uoryezieiided jexIRIN oY1 sp10dal 9] o[dwres INO UI SYD03S Q¢ oY} JO so19sT9R)s ATewrwns & sopraoid T o[qR],

‘S' 9Y? pue epeue)) Ul pajsi[ suLly uerpeue)) jo sjdures *T a[qe],

29



Table 2. Macroeconomic News Releases (January 2004 — January 2011)

Table 2 provides a summary of the macroeconomic news announcements used in the study, the total number of

releases (Obs.), sources, the time of release using Eastern Standard Time (EST), and the frequency of releases.

*

indicates that U.S. Personal Income and U.S. Personal Consumption Expenditures have the same release dates. **

indicates that U.S. Business Inventories release times varies from 8:30am and 10:00am. *** indicates that U.S. Indus-

trial Production and U.S. Capacity Utilization have the same release dates. Total U.S. and Canada announcements

are adjusted for overlapping days.

No Macroeconomic Announcement Obs Source EST Frequency
CAN Announcements
1 Real GDP 28 CANSIM 8:30 Quarterly
2 Capacity Utilization Rate 28 CANSIM 8:30 Quarterly
3 Current Account Balance 28 CANSIM 8:30 Quarterly
4 CPI 85 CANSIM 7:00 Monthly
5 Industrial Product Price 86 CANSIM 8:30 Monthly
6 Unemployment Rate 85 CANSIM 7:00 Monthly
7 Retail Sales 85 CANSIM 8:30 Monthly
8 Leading Indicators Index 85 CANSIM 8:30 Monthly
9 Housing Starts 57 CMHC 8:15 Monthly
10 Interest Rate 85 BoC 9:00 6-Week
US Announcements
11 GDP Advance 29 BEA 8:30 Quarterly
12 GDP Preliminary 28 BEA 8:30 Quarterly
13 GDP Final 28 BEA 8:30 Quarterly
14 Personal Income, Personal Consumption Expenditures* 85 BEA 8:30 Monthly
15 Trade Balance 85 BEA 8:30 Monthly
16  Nonfarm Payroll Employment 85 BLS 8:30 Monthly
17 PPI 85 BLS 8:30 Monthly
18 CPI 85 BLS 8:30 Monthly
19  Retail Sales 85 BC 8:30 Monthly
20  New Home Sales 85 BC 10:00 Monthly
21 Durable Goods Orders 85 BC 8:30 Monthly
22 Factory Orders 85 BC 10:00 Monthly
23 Business Inventories** 85 BC 8:30/10:00 Monthly
24 Construction Spending 85 BC 10:00 Monthly
25  Housing Starts 85 BC 8:30 Monthly
26  Consumer Confidence Index 85 CB 10:00 Monthly
27 Chicago PMI 85 CB 9:45 Monthly
28  Leading Indicators Index 85 CB 10:00 Monthly
29  Industrial Production, Capacity Utilization™** 85 FRB 9:15 Monthly
30 Consumer Credit 85 FRB 15:00 Monthly
31 Government Budget 86 FMS 14:00 Monthly
32 Federal Funds Rate 57 FRB 14:15 6-Week
Total US and Canada Announcements (adjusted) 1297
Total Non-Announcement Days 430
Total Sample Days 1727

CANSIM = Statistics Canada

CMHC = Canada Mortgage and Housing Corporation
BoC = Bank of Canada

BES = Bureau of Economic Analysis

BLS = Bureau of Labour Statistics

BC = Bureau of the Census

CB = Conference Board

FRB = Federal Reserve Bank

FMS = Financial Management Service
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Table 3. Absolute Change in Price Discovery during Announcement Days

Table 3 provides the change in U.S. IS and PT for 38 Canadian cross-listed stocks during announcement days.

The IS and PT are computed of daily averages, reported as the absolute percentage difference between IS and PT
‘IS(PT) 7IS(PT)Non—Announsement|
). The figures

IS(PT)Non—Announcem,ent
under "Total" denote the number of firms (out of 38 firms) showing significant shift in U.S. Price Discovery during

Announcement

during announcement and non-announcement days (

announcement times at 5% significance level obtained using the bootstrap procedure. Figures in parentheses are the

t-statistics. *** denotes significance at 1% level.

January 2004 - January 2011 Panel A: Information Share (IS) | Panel B: Component Share (PT)
US Price Discovery Time Diff t-stat ‘ Total Diff t-stat ‘ Total
ALL Announcements 31%*** (17.1) 36.7 2.6%***  (18.73) 36.8
CAN Announcements 3.4%*  (8.94) 36.7 2.8%***  (9.87) 36.7
US Announcements 3.0%***  (14.91) 36.7 2.5%***  (16.15) 36.8
CAN Announcement

CPI 700 | 2.9%**  (8.59) 35 2.5%%%  (8.6) 36
Labour Force Survey 7:00 3.2%***  (12.76) 36 2.3%**F*  (11.25) 38
Housing Starts 8:15 2.2%***  (7.34) 35 1.8%***  (8.63) 36
Real GDP 8:30 | 45%**  (8.95) 38 3.6%**  (7.08) 36
Capacity Utilization Rate 8:30 | 6.0%**  (9.6) 38 4.4%%%%  (10.57) 38
Current Account Balance 8:30 | 4.2%***  (7.14) 36 3.6%***  (6.46) 37
Industrial Price Index 8:30 2.0%***  (10.54) 37 1.7%***  (8.63) 37
Retail Sales 8:30 | 37%FF*  (10.49) 38 3.4%*%%  (10.93) 36
Leading Indicators Index 8:30 2.8%***  (10.45) 37 2.3%**  (9.1) 36
Interest Rate 9:00 2. 7% (6.44) 37 2.3%***  (6.88) 37
US Announcement

GDP Advance 8:30 5. 7%  (8.09) 38 4.1%***  (7.09) 36
GDP Preliminary 8:30 | 3.9%%*  (6.47) 34 3.4%*%  (7.33) 38
GDP Final 8:30 | 3.7%**  (7.66) 37 3.4%**  (7.86) 36
Personal Income 8:30 2.6%***  (7.51) 38 1.7%***  (7.31) 37
Trade Balance 8:30 | 27%FF*  (8.48) 36 2.4%*F%  (8.96) 37
Nonfarm Payroll Employment | 8:30 2.0%***  (7.13) 36 2.0%***  (8.44) 38
PPI 8:30 | 1.8%*  (6.62) 36 1.6%***  (7.17) 36
CPI 830 | 3.2%%%*  (7.17) 38 2.5%%F%  (7.58) 37
Retail Sales 8:30 1.8%***  (8.12) 36 1.6%***  (8.67) 37
Durable Goods Orders 8:30 2.8%**F*  (8.25) 36 2.1%***  (9.15) 36
Housing Starts 8:30 | 3.7%**  (9.54) 37 3.0%*%*%  (11.94) 37
Industrial Production 9:15 3.7%** (8.47) 38 2.9%***  (8.52) 37
Chicago PMI 9:45 | 2.5%**  (6.86) 38 2.0%**  (6.39) 34
New Home Sales 10:00 | 2.9%*%*  (8.35) 36 2.4%*F%  (7.58) 37
Factory Orders 10:00 | 2.2%***  (7.23) 38 1.8%***  (6.75) 35
Business Inventories 10:00 | 1.8%***  (10.2) 35 1.6%***  (8.39) 37
Construction Spending 10:00 | 4.3%***  (10.62) 38 3.8%***  (11.43) 38
Consumer Confidence Index 10:00 | 2.8%***  (6.33) 36 2.2%***  (6.72) 38
Leading Indicators Index 10:00 | 2.7%***  (8.04) 37 2.6%***  (9.84) 37
Government Budget 14:00 | 3.2%***  (7.82) 37 2.8%***  (9.16) 37
Federal Funds Rate 14:15 | 2.9%***  (9.52) 36 2.3%***  (9.01) 36
Consumer Credit 15:00 | 2.41%***  (9.82) 36 2.0%***  (9.75) 38
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Table 4. Change in Price Discovery during Announcement Days

Table 4 provides the change in U.S. IS and PT for 38 Canadian cross-listed stocks during announcement days.

The IS and PT are computed of daily averages, reported as the percentage difference between IS and PT during

IS(PT)Announcement7IS(PT)

Non—Announcement
announcement and non-announcement days ( 1S(PT) )

“

. The figures under
Non—Announcement

“(“4”) denote the number of firms (out of 38 firms) showing a decrease (increase) in U.S. Price Discovery during
announcement times at 5% significance level obtained using the bootstrap procedure. Figures in parentheses are the

t-statistics. *, ** and *** denotes significance at 10%, 5%, and 1% level, respectively.

January 2004 - January 2011 Panel A: Information Share (IS) | Panel B: Component Share (PT)
US Price Discovery Time | Diff t-stat ‘ - + Diff t-stat ‘ - +

ALL Announcements 1.19%+** (3.45) 12.3  24.3 | 1.0%*** (3.73) 11.5 25.2
CAN Announcements 1.5%%** (2.39) | 11.4 253 | 1.1%** (2.16) | 10.9 25.8
US Announcements 0.9%*** (2.49) | 12.8 23.9 | 0.9%***  (2.97) | 11.8 25.0

CAN Announcement

CPI 7:00 | 24%**  (553) | 5 30 | 1L.9%**  (5.05) | 6 30
Labour Force Survey 7:00 | 2.8%*** (7.78) 2 34 | 21%***  (7.86) 4 34
Housing Starts 8:15 | 0.5% (1.17) 14 21 | 0.6%* (1.66) 14 22
Real GDP 8:30 | 0.3% 0.31) | 17 21 | 0.0% (:0.05) | 16 20
Capacity Utilization Rate 830 | 47T%**  (5.37) | 6 32 | 3.6%***  (6.07) | 4 34
Current Account Balance 8:30 | -1.6%* (-1.91) | 22 14 | -1.8%*** (-2.45) | 21 16
Industrial Price Index 8:30 | -0.3% (-0.86) | 21 16 | 0.0% (-0.06) | 20 17
Retail Sales 830 | 3.7%F*  (10.11) | 2 36 | 3.3%F*  (9.92) | 1 35
Leading Indicators Index 8:30 | 1.7%%** (3.92) 9 28 | 1.6%*** (4.31) 9 27
Interest Rate 9:00 | 0.5% (0.87) 16 21 | 0.2% (0.5) 14 23
US Announcement

GDP Advance 8:30 | -1.8% (-1.56) | 24 14 | -1.6%*  (-1.83) | 21 15
GDP Preliminary 8:30 | 0.4% (048) | 14 20 | 0.3% (0.44) | 18 20
GDP Final 8:30 | 1.0% (1.33) | 11 26 | 1.8%** (2.76) | 8 28
Personal Income 8:30 | -2.2%***  (-5.26) | 28 10 | -1.3%***  (-4.68) | 29 8
Trade Balance 830 | L7%**  (358) | 6 30 | 1.8%**  (4.83) | 4 33
Nonfarm Payroll Employment | 8:30 | 1.4%*** (3.69) 8 28 | 1.7%*** (5.8) 7 31
PPI 8:30 | 0.5% (1.23) | 13 23 | 1.o%**  (331) | 9 27
CPI 8:30 | 2.8%%*  (5.33) | 4 34 | 20%**  (480) | 6 31
Retail Sales 8:30 | 0.4% (1.06) 17 19 | 0.6%* (1.95) 14 23
Durable Goods Orders 8:30 | -1.0%* (-1.76) | 24 12 | -0.8%**  (-2.12) | 22 14
Housing Starts 8:30 | 3.2%%*  (6.31) | 3 34 | 2.6%**  (729) | 4 33
Industrial Production 9:15 | 2.8%*** (4.8) 6 32 | 2.5%*** (5.9) 5 32
Chicago PMI 9:45 | 20%**  (4.63) | 6 32 | L% (468) | 4 30
New Home Sales 10:00 | 2.0%*** (4.24) 6 30 | 2.0%***  (5.23) 6 31
Factory Orders 10:00 | 0.4% (0.88) 18 20 | 0.4% (0.92) 16 19
Business Inventories 10:00 | 0.5% (1.64) 14 21 | 0.8%***  (2.75) 12 25
Construction Spending 10:00 | -3.4%%* (-5.73) | 32 6 | -3.1%** (-645) | 33 5
Consumer Confidence Index 10:00 | 1.4%*** (2.42) 12 24 | 1.2%***  (2.63) 13 25
Leading Indicators Index 10:00 | 2.3%*** (5.74) 6 31 | 2.3%***  (6.85) 4 33
Government Budget 14:00 | 2.7%***  (5.43) 9 28 | 2.6%***  (7.28) 5 32
Federal Funds Rate 14:15 | 1.5%*** (2.81) 10 26 | 1.3%***  (3.32) 9 27
Consumer Credit 15:00 | 1.3%*** (3.19) 10 26 | 0.9%***  (2.56) | 11 27
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Table 5. Regression on Daily Price Discovery

Table 5 reports the estimates of Equation (15). The dependent variable is the Ratio IS (PT) which is the daily
log ratio of U.S. share of IS (PT) relative to Canada. Time denotes a linear time trend, Ratio Trade and Ratio Spread
denote the log ratio of U.S. trades relative to Canada, and the log ratio of percentage spread in the U.S. relative to
Canada, respectively. All Announcements denotes a dummy variable for days with macroeconomic news releases. US
Announcements and CAN Announcements each represents a dummy variable for U.S. and Canadian macroeconomic
news, respectively. Figures in parentheses are heteroscedasticity-consistent t-statistics controlled using clustered

standard error. *** denotes significance at 1% level.

Panel A: Ratio IS Panel B: Ratio PT
(1) (2) (1) (2)
Constant -1.30%** -1.30%%* -1.19%%* -1.19%%*
(-3.19) (-3.19) (-3.31) (-3.31)
Time 0.00084***  0.00084*** | 0.00083***  0.00083***
(9.02) (9.02) (10.9) (10.9)
Ratio Trade 0.75%** 0.75%** 0.33%** 0.33%**
(5.4) (5.4) (3.16) (3.16)
Ratio Spread -1.10%%* -1.10%%* -1.03%%* -1.03%%*
(-3.07) (-3.07) (-3.1) (-3.1)
All Announcements 0.036*** 0.031%**
(4.82) (4.84)
US Announcements 0.036%** 0.031%**
(4.42) (4.65)
CAN Announcements 0.035%** 0.032%**
(4.35) (4.03)
R sq(Ad)) 0.491 0.491 0.447 0.447
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Table 6. Absolute Change in Price Discovery Surrounding News Release (20-minute
window)

Table 6 provides the change in U.S. PT and IS for 38 Canadian cross-listed stocks during announcement days.
The PT and IS are computed on 20 minutes surrounding the announcement times; 10 minutes prior and 10 minutes

after. The figures reported are the absolute percentage differences in 20 minutes PT and IS during announcement

‘IS(PT)Announcement7IS(PT)
and non-announcement days ( IS(PT)

Non—Announcement ‘ )

. The figures under "Total" denote
Non—An'n,ouncement

the number of firms (out of 38 firms) showing significant shift in U.S. Price Discovery during announcement times at
5% significance level obtained using the bootstrap procedure. Figures in parentheses are the t-statistics. *** denotes

significance at 1% level.

January 2004 - January 2011 Panel A: Information Share (IS) | Panel B: Component Share (PT)
US Price Discovery Time Diff t-stat ‘ Total Diff t-stat ‘ Total
All Announcements 1.9%*  (6.34) 35.7 | 3.6%7* (3.15) 348
Chicago PMI 9:45 | 4.3%**  (6.38) 35 3.6%***  (7.36) 36
US New Home Sales 10:00 | 4.0%**  (6.35) 36 31%*  (7.9) 37
US Factory Orders 10:00 | 3.4%***  (7.72) 35 2.5%***  (8.14) 36
US Business Inventories 10:00 | 4.0%***  (7.47) 35 3.0%***  (8.64) 35
US Construction Spending 10:00 | 5.2%***  (6.46) 37 3.3%***  (54) 34
US Consumer Confidence Index | 10:00 | 4.7%***  (8.14) 36 3.1%***  (8.1) 36
US Leading Indicators Index 10:00 | 3.5%*** (9.7) 36 2.6%***  (8.78) 33
US Government Budget 14:00 | 4.6%***  (9.99) 36 3.4%***  (8.47) 32
Federal Funds Rate 14:15 | 11.8%***  (9.68) 37 7.3%***  (10.65) 35
US Consumer Credit 15:00 | 4.1%***  (6.76) 34 3.6%**F*  (7.84) 34
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Table 7. Change in Price Discovery Surrounding News Release (20-minute window)

Table 7 provides the change in U.S. PT and IS for 38 Canadian cross-listed stocks during announcement days.
The PT and IS are computed on 20 minutes surrounding the announcement times; 10 minutes prior and 10 minutes

after. The figures reported are the percentage differences in 20 minutes PT and IS during announcement and

]S(PT)A'VL”LO’U/VLCE77L€7Lt_IS(PT)N07L7A7L'VLO’M7LC€7’L€7Lt TR 2
non-announcement days ( ISP o o — ). The figures under “-“(“+”) denote the

number of firms (out of 38 firms) showing a decrease (increase) in U.S. Price Discovery during announcement times

at 5% significance level obtained using the bootstrap procedure. Figures in parentheses are the t-statistics. *, **

and *** denotes significance at 10%, 5%, and 1% level, respectively.

Panel A: Information Share (IS) | Panel B: Component Share (PT)
US Price Discovery Time | Diff t-stat [ - + Diff t-stat [ - +
All Announcements 2.4%** (2.18) | 11.9 23.8 | 1.4%** (2.2) | 135 21.3
Chicago PMI 9:45 | 35%***  (445) | 5 30 | 21%** (3.05) | 10 26
US New Home Sales 10:00 | 2.7%*** (3.37) 8 28 | 1.8%***  (3.22) 7 30
US Factory Orders 10:00 | 0.4%*** (0.61) | 15 20 | -0.1% (-0.17) | 18 18
US Business Inventories 10:00 | -0.4% (-0.46) | 21 14 | -0.3% (-0.42) | 20 15
US Construction Spending 10:00 | 2.3%** (2.11) 12 25 | 1.5%* (1.89) 13 21
US Consumer Confidence Index | 10:00 | 2.1%** (2.35) 14 22 | 0.8% (1.26) 18 18
US Leading Indicators Index 10:00 | 1.1%* (1.75) 12 24 | 0.6% (1.22) 17 16
US Government Budget 14:00 | -1.0% (-1.17) | 22 14 | -0.5% (-0.68) | 17 15
Federal Funds Rate 14:15 | 11.6%***  (9.12) 1 36 | 6.3%***  (6.78) 5 30
US Consumer Credit 15:00 | 1.8%** (2.14) 9 25 | 1.2%* (1.73) 10 24
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Table 8. Regression on Intraday Price Discovery

Table 8 reports the estimates of Equation (15). The dependent variable is the Ratio IS (PT) which is the daily
log ratio of U.S. share of IS (PT) relative to Canada. The IS and PT are computed on 20 minutes surrounding
the announcement times. Time denotes a linear time trend, Ratio Trade and Ratio Spread denote the log ratio of
U.S. trades relative to Canada, and the log ratio of percentage spread in the U.S. relative to Canada, respectively.
All Announcements denotes a dummy variable for days with macroeconomic news which are released after 9:30AM.
*

Figures in parentheses are heteroscedasticity-consistent t-statistics controlled using clustered standard error. *, and

*#* denotes significance at 10% and 1% level, respectively.

‘ Panel A: Ratio IS ‘ Panel B: Ratio PT

Constant -2.04%%* S1.71HEE
(-16.37) (-16)
Time 0.0037*** 0.0037***
(10.23) (11.75)
Ratio Trade 0.32%%* 0.076%**
(7.92) (2.42)
Ratio Spread -1.66*** Yo
(-30.33) (-31.23)
All Announcements 0.079* 0.054*
(1.83) (1.77)
R sq(Adj) 0.273 0.272
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Figure 1. Time-Varying Price Discovery during Fed Funds Rate Announcements
(14.15PM)

Figure 1 plots the time variation of U.S. IS during the market trading hours on days with Federal
Funds Rate announcements and non-announcement days. The IS is measured using 20-minute data
on a l-minute rolling window for each of the 38 firms in the sample. The average of this is then

plotted.
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